Visible CW (continuous wave) -laser heating effects on the bulk superconductors CeFeAsO 0.65 F 0.35 and MgB 2 with 1.5 mm thickness have been investigated by measuring the temperature dependence of electrical resistivity. Each compound shows a critical-temperature T c reduction with increasing fluence rate. At the normal state, a parallel circuit model based on the Fourier's law can well reproduce the temperature dependence of electrical resistivity of illuminated sample. On the other hand, the predicted temperature-rise due to the laser heating in the superconducting state is much smaller than the observed T c -reduction. A temperature gradient of a few K across the sample thickness easily triggers the destruction of bulk superconductivity.
Introduction
Light-matter interactions are widely studied, because the light is one of attractive external-field sources. For example, light can induce metallic states or opto-mechanical effects in semiconductors [1, 2] . In addition dielectric property of material can be tuned by light [3, 4] . Furthermore so-called strongly-correlated electron systems offer good opportunities to study lightmatter interactions. For d-electron systems, photoinduced metallic states in Mott insulators [5, 6, 7] , photoinduced magnetization [8] , and a photoinduced change in spin configuration [9] et al. have been reported. The illumination effects on f -electron systems have been extensively studied for Eu chalcogenides [10, 11] . The photocarrier doping in semiconductors and the optical control of the Kondo effect are recently reported [12, 13, 14] .
Focusing on optical responses of superconductors, which belong to another class of attractive platform to investigate the interaction between manyelectron systems and light, there exists a long history of studies, usually employing thin film samples. Testardi demonstrated the destruction of superconductivity in Pb films [15] . When he used a pulse visible-laser with 514 nm wavelength at the fluence rate of 3 Wcm −2 , the reduction of superconducting critical temperature T c was 3.2 K, in which the temperature rise by the laser heating was 0.45 K. The main origin of T c reduction is a Cooper pair breaking by photons with the energy larger than T c .
The discoveries of high-T c superconductors have accelerated efforts to control the carrier number through photocarrier doping. In Y-Ba-Cu-O superconductors, T c increases under the illumination of a laser [16, 17] , which is caused by a carrier doping through a microscopic structural-change. There are many studies of time-resolved optical pump-probe measurements, observing a pico second recovery process of broken Cooper-pairs [18, 19] . More recently light-induced superconductivities are demonstrated by tuning the wavelength of light in a cuprate and a fullerene [20, 21] .
In this paper we have studied the illumination effect on bulk supercon- Mg and B powders were homogeneously mixed. The pressed pellet was placed on an Ta sheet in a sealed quartz tube partially filled by Ar gas. The tube was heated to 900
• C and cooled down to 600
• C at the rate of 30
• C/h, and subsequently quenched in water. All products were evaluated using a powder X-ray diffractometer with Cu-Kα radiation. The powder X-ray diffraction patterns show almost single phases with small amount of impurity phases.
The temperature dependence of the electrical resistivity ρ(T ) between 20 and 300 K under illumination was measured by the conventional DC fourprobe method using a closed-cycle He gas cryostat. The optical source was a CW laser diode (LD) with photon energy of 1.85 eV, which was sufficient for destroying Cooper pairs of studied superconductors. A parallelepiped sample with dimensions of ∼1.5×1.5×10 mm 3 was cut from a pellet of each sample, and the distance between the voltage electrodes was 2 to 3 mm. The sample was glued using varnish onto a thin Cu plate covered with a cigarette paper. The Cu plate was then placed on the cooling stage in the cryostat using Apiezon N grease as an adhesive that provides good thermal contact.
The temperature was measured by a thermocouple, thermally anchored to the cooling stage underneath the sample. All electrodes were covered by thin phosphor-bronze plates to reduce any extrinsic photovoltaic effects. The light beam from the LD was focused onto the area between the voltage electrodes. Increasing fluence rate depresses the superconductivity and T c is not observed down to 25 K at 3.5 Wcm −2 . ρ(T ) at higher than 75 K does not change significantly by the illumination. MgB 2 shows T c of 39 K at the dark state (see Fig. 1(b) ). By increasing the fluence rate, T c is gradually reduced.
Results and discussion
We have observed the similar trend of fluence-rate dependence of T c . Thus the T c reduction under illumination is not characteristic only for the Fe-based superconductor.
The optical penetration depths of CeFeAsO 0.65 F 0.35 and MgB 2 at 1.85 eV are estimated to be 45 nm and 21 nm, respectively [25] , using permittivity 
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(and optical conductivity for MgB 2 ) data [26, 27] . Because each optical penetration depth is much smaller than the sample thickness d s 1.5 mm, it is not conceivable that the Cooper-pair breaking by laser light occurs in the whole sample volume. Hereafter the thermal effect due to heating, which is evaluated by a model based on the Fourier's law, is discussed.
If all of the light power with fluence rate F is transformed into heat in a sample, according to the Fourier's law, the temperature rise ∆T across the sample thickness under an equilibrium condition can be expressed by
where κ is the thermal conductivity of sample. The conditions of application of Eq. (1) are d s ≫ phonon mean free path and macroscopic measurement time ≫ phonon relaxation time. d s of each sample is 1.5 mm, which is much longer than the phonon mean free path at most of the order of the lattice constant [28] . The macroscopic measurement time of the order of second in this study, is also much longer than the phonon relaxation time, which is usually in pico second order [19, 29] . These facts satisfy the assumptions of Fourier's law. Since the optical penetration depth is much smaller than d s , an inhomogeneous temperature gradient in the illuminated volume can be neglected. Therefore the temperature gradient along the sample thickness would be approximately constant, which is the additional important factor for the application of Fourier's law.
The sample is discretized along the sample depth z by the platelet as thin as possible with the thickness ∆z (see Fig. 2 ). Assuming the constant temperature-gradient between the illuminated top surface and the sample bottom with the temperature T measured by the thermocouple, ρ(T) at the i-th layer from the bottom is expressed by ρ(T + ∆T ∆z ds i). Regarding the black frame is a discretized layer, in which the temperature is assumed to be constant.
the sample as the parallel circuit of discretized layers, ρ of whole volume is expressed as follows;
By employing the reported κ-data [30, 31, 32] for MgB 2 , respectively. The actual T c reduction for each compound is above approximately 15 K, largely exceeding the estimated temperature-rise due to laser heating. Therefore the Fourier's law would not be a dominant factor, leading to the T c -reduction under illumination.
In the report [15] of Pb thin film with 27.5 nm thickness, the temperature rise due to laser heating at 3 Wcm −2 is 0.45 K, which is smaller than the When the thermal contact is weakened, T c is reduced to 25 K, while ρ(T )
at the normal state is not largely altered. Even in the case of bad thermal contact, the actual averaged sample-temperature at T c of 25 K should be 39 K. This supports that the effect of temperature-gradient across the sample in the superconducting state is different from that in the normal state.
In this study on CeFeAsO 0.65 F 0.35 , we have found that T c is slightly enhanced after a high fluence-rate irradiation. Figure 6 
Summary
The thermal effect by laser heating in bulk superconductors has been overlooked. In this paper, detailed studies on the illumination effects of bulk 
